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(54) REFLECTION TYPE LIQUID CRYSTAL DISPLAY 

(57)Abstract: 

PURPOSE: To obtain a reflection type color liq. 
crystal display device improving the colorimetric 
purity and lightness of a displayed color and giving a 
light display. 

CONSTITUTION: This liq. crystal display device has a 
cholesteric liq. crystal layer 30 and a light absorbing 
layer 40 on the lower substrate 22. The liq. crystal 
layer 30 has been disposed under an electrode 24 
when seen from the user side and the light absorbing 
layer 40 has been disposed under the liq. crystal layer 
30. The tiq. crystal layer 30 has mutually different 
plural wavelength regions of characteristic reflection. 
The regions Ch(n) are from Anm to Bnm [each of (n) 
and (m) is an integer of 1], In both the cases, Anm 
is 400nm and Bnm is 1,000nm. 
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mmifbi#<o«h] 

immm 1 ] »iauTE«s*tfc±TaMRfctta»s 

TflB£MS*U VXr'J y*«a«tt«rttKlt 

©iKg^^Anm^^Bnm (n. mlil, 2. 3 

ft) T?S»S««*Ch(n)i:-rsi:. A n mttv>"*"*i* 4 

0 0nmW±T\ B nra te^ft& 1 0 0 0 nmJM 

ifrE«iiJiic:2«fijL±o«£E*Biap-r5eiftss**-rs 

XY«ffi*ffir8Ba«fflfcfflf *t*5»3x iuaB&a/l^BuaB 
©TfllfcU mja3*i»iRg(iB5l3^ y y ^*SBJI<£> 

task sit s*u huIBu y ^*«ta«tt«fttsit 

©ttg««#Anm*6Bnm <n. mtt 1 . 2, 3 -©S 

ft) T65Ma^ch(n)i:ts^ Anmtt^-f ft* 4 

0 0 nmJU±T-. Bnmtt^'J'ft* 1 0 0 0 nmH 

TT»scfc*«f«k-r«K»ffl*aa3S*«« 

[i*JB3] #ftbTEB£ft*:i:T^tKi:i6aJis 
XY«S*liu3B*tRfflfc<»itT:fe»K BufB^aS^HuaB 

±T**t«koT««fSnr^*Kitai«aa^*«"e 

fluIB=3 U*^y y^aaJBttfilffl BTffl8B«ffi 

odtwc tuia^iRiRattBusB^u^^y ^^ata/i© 
TW-sag^ft. H&SB^uy^y y^MBjittCh 

(1), Ch(2K Ch(3)*#U 

ll^4 0 0nm N Bn^5 5 0 nm^ An^4 5 On 
nis B 2 i ^ 6 5 Onms A3 5 5 0 nnu B31SIO 
0 0 nmtf»SCfc««fafctSS»S»i*S«K- 

[i*S4] #iauTEB;*ftfc±~Fa«i:ifcBJi* 
xY«a*HusBa«a«c«^.T*3»3^ HuiB^ag^fuiB 

SuaBTS^icn u^t 1 y *y^*B»fc#iftJK«*«li;^ 

aaiBn i/x^y y ^ataflttiSBffl^ffiij^&HTBasBWffi 



(2 ) ttm¥>7 - 2 3 9 4 7 1 

2 

©TflUCs H5aB^i»iR^(iBuaB^ l/*? 1 y 

(1), Ch(2), Ch(3)**U «««©Ji¥Hfcfiifi 

11^4 0 0 nnu Bn^6 0 0nm, Aji^SOOn 
m, Bzi^lOOOnm, A3i^4 0 0 nm, B 3 i^ 5 
40nnu A32^ 5 6 0nnu B 32^ 1 0 0 0 nmT*& 

5 ] iiufB^ i/*^ y v trm^m<Dft&&M<D 

1,2, 3*&tt4£ffi«®K»ffl*B*«8«. 

6 ] h5IB3 l/X^ y y ^illCSISf^ 

0. 2 «±T»s»*ffl 1 ~5©v^fta>tcfB«©Kit 
fflis. (i^ts* s ^/i^tiTv>ss*si-6©vA-rn^ 

[i>t€8] mfgBteffl^* 2 , ±<KOStSffl!l^^ 
J6fcffiffi«2. teffltfcl fc-TSfcx ffiffiffi 2 ©iilffifStt 
20 ±»«©Eiaffl3ffi;#lSfc¥fTTfc *K tefflt61©?Ifflffl 
»*±a«^ElSlJEL3£#lSli: 4 5 0 &fc-T<k-3 fcSttfeti 

tusbssjs 1-6 ©v^ft*tffi«©Kit3s*a«^ 
[W*ffl9] ffita«2<z>y^7 ff —>3> (f^xsi 

#r) #2 5~1 4 OnmT?ftS»#ffl8fc8a»©KStl! 

1 0° - 3 5° 7 fcffi«<Z)R 

30 [g^flii] ffifflfii©y^r-^3> 

JB*f) 3^3 0 0-1 0 00 nmfl»i*l 1 0 
[0 0 0 1 ] 

[jg3g±co*Jfl?#^] *4B99ttttaft**»IK* ^f^XY 

^-«SK*sqriBasitst*aa«««t:w-r*. 

[0 0 0 2] 

[^*©a*] «a*^*«tt««. »su 

«««*#aas*aa3S*«tJt^THk:fls<^ ;w 

7 t y-««©iH«* S/ >a<x M^JitsMt^tt 

[0 0 0 3 ] 3H;£flR^;*ftT^£OA««fl!V:7 h i>x. 
50 fcWftttffiffl Lie < v^t»CD*»So ^CT*M!ftM*SBai 
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So 

[0 0 0 4] (i) S^CDfflsarCD^JB 
(ii) a^fecDfeSCJgcofiT 

[0 0 0 5] (i)fc(ii)ttH^-F*7iZ)W«t:»S. 
£*XtC*tbTS Mitsuifte(4S I D 9 2 DIGEST 
4 7 3H£*^T, ^X KO*«a*Sl:*7 

S5V , *i:5'5IH)B* J fe£a Martin SchadtJ4Liqu 

id-Cristal Devicesand Materials (19 9 1) Vo 
1. 1455, 214-22 4H£:fc^T, ql*«fi« 

««c«fttsw**-r=j i/x^ y * ^^ajBifflv^fesw- 

i»1^8g*MbtV^o b^b. ^£>;fc^-{b 
fc^v b^x Ht(3Dit*:*iSlcHbTttJ£^«>nT^«c 

[0 0 0 6 J 
[0 0 0 7] 

[0 0 0 8] (1) #fi|bTE«S;h,fc±T»*fc* 

mm. «rffl*«JBt 2 «tt±cD«ff*aifti."r 

«A*^aTSJE«aoTflJK:. ii5f3)fci&'KJl 14 11313 u 
U y *«aJl©TfllK:EHU Suffix l^^y 

^ga^« i RfttssfcD^feSMa^sv^^cs^^slS(^)^ 

13tt&lt©&ftMa#An m ^*> B n m (n, m(4 

Is 2, 3 -©SIS) 7?S>S««*Ch(n)i:-rsfc x 
AnmJ4t^n* 4 0 0 nmUJl±T-x fr^>* B nm t4l>-fti 
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* 1 0 0 0 nmttTktSo 

[0009] (2) buib^ i^^f y *^*a/itt«a 

Ch(lK Ch(2h Ch(3)SWU &«a®*¥ffifc 

siSfcAWbfcittfcw^sttttswcosaffatf^tt^ 

tlAn^4 0 0nm N Bn^ 5 5 0nnK A2i^450 
nm, B 2 1 ^ 6 5 0 nnu A3 5 5 0 nnu B 3 1 ^ 1 
0 0 0 nmht^o 

[0010] (3) «ria3u^7 t, j y ^*a«t4«a 

Ch(l)s Ch(2K Ch(3)£*U »«a©Ji¥Hic 

10 afitxitb&ifcfcw-rawttswoaftwatf-eti* 

tlAnS 4 0 0 nnu Bi^6 0 0nm N A2i^ 5 0 0 
nnu Bn^lOOOnm, A3 1^ 4 0 0 nnu B 3 1 ^ 
5 4 0nnu A32^ 5 6 0nm, Bga^l OOOnmJ: 

[0 0 11] (4) 15133 i/^j y y^»aJi©*« 

a*«^BisKfc#jfcbT»i*&o 

[0 0 12] (5) USaMr'J y»»a»©*jH 

[0 0 13] (6) «MH±at«©*Mllfc\ ^tSffiOJ:*) 

[0 0 14] (7) ffi««*2#«*. ±#JS®#J^ 
6JIBfcffiffl<62s ffiffltSl h-TSh. teffltS 2 
^±#JSfficoSBfp]5aS^rp]h¥fi 1 ^b, ffiffltRl©gffl 
tfl^±«USte©@EfpJ5a f S*rq]i: 4 5° hbfcSt^Sfl- 

5 <ov^-rn3tpfc8BtB©*aa^*«« 

[0 0 15] (8) b&E (7)C;ftUT* {ftffl«2© 
y^^-^>3> (J¥*x«JB*f) ^2 5- 1 4 0 nmh 

[0 0 16] (9) SHE (6 

j# m$&£±m&fc<Dffi\%mmjjfa&te?n* 1 0-3 5 0 
[0017] (10) me ( 9 ) fc*^T„ ffites 1 

0'J^7-^>3> (Jl£x1gJ@5f) 43 0 0-1 0 0 0 
nmht^o 
[0018] 

tfP«] «*Oft»"PiJ^ft(i)^ (ii)©ra«iS*** 

ir^ ^{4ScsL^^jffl bT^©«fi«a©*©aiRft93a 

[0 0 19] fCT*^T'lis 3 y^StBJB 

©«pttsij**jffl bfco 3 *sa 
b<»4&ia!)icjiiawtgEft-rs*^ftSo ^ux^y 

*^*BBtt*©2o(0H#ffl# (*P3ffl3te) <TJF*U S 
#cDfcbti#ft£[I]fe;£ft#^b<s a cn 

s^n^^^AcD^acD^^^st-r^^tt^^b, zti 

[0 0 2 0] 
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P n2< A< P ni 

-To WttKlt©««««l4+^fc:*v^fc«6. Sit 

[0 0 2 1 ] 5£ CO *&BB6/pfc«fc:. «|ts 
It © JSSMate ia i: ti<D tr * 7- * * * 5 c h tc J: *> sas 

[0 0 2 2 ] ±13^ l/Xr V y ^«ffiJB*S^&* ^~ 

Kit, V><o*CDfiJjS*fSOo 
[0 0 2 3] E4l:31/^f'J * £*BJi<D»«;<'^ 
h;i/**f o i£M5 1 0 nmfr 5 9 0 nmCi^lttg 

jB*#5 OX3E<(aTL/T43t). C©«fi««T«ffiS 

It***, a? 
[0 0 2 4U©«t, 3l/Xf V y^ttftHCDKtt^ 

^Wl/tt, 01 2t3?xL^«£*©^SM^^»^^;i/ 

•■■©Kit*'** Mi/ (%tt) *#IB-r^o 

[0 0 2 5 ] £GDt££X^ h )\,<Dffim*misT&7jk(D 
[0 0 2 6] 3U*^y v**Mtt«ttK»fc:J:!>* 
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en 

cti^ffl^fe*^— 7^;i/#fctsat« 

m © & u n ■% n t it m. ® a * m * t * a jr -r s & » 

S o 

[0 0 2 7] 05 t*«WO«iaS8B©«fIB*^ 

bx^sb-ci^ xv—yifr*, s»*ftj:v«** 

*-<ttfbU T«««2 46DETt:8ft»36:^i:«c«t 5* 

[0 0 2 8] CtUd^bT, tfc*©EltSUfcgK^«H 
0, 2 4 i:SJ»« 5 0©H«CttTffi!l*« 2 2 coffer 

[0029] 3i/^fyy^»aittx f. 

H. Kreuzer^ #Mol. Cryst. Liq. Crist., 1 9 
9 1 , Vol. 199, pp. 345 — 37 8tC#g^LT 

astute, attspy i/ muzz 
t^^So ^wjaoifflfftflsit^-r. 

[0 0 3 0] 

Mbi] 




Me 



XI -x 



[0 0 3 1 ] (fib, xli0.2-0.5*SU ptt3 HAltt*© 2 3 Ht^^iXT ±aBfi!JtH©^<f 

[0032] ±aa«iii8# : P«\ ^uxt- sto*siga*^tt«*«a^e>is^«at:t)fcoT 



7 

So 

[0 0 3 3 ] *6t^H6*B3««©^«*«V^T, M 

>cb^>frtttaSIEHlcJB«bTCh(l)^ Ch 
(2). Ch(3)CD»ff*JBfi8-r-SCi:fc:J:t)*^ — 7>f 

[0 0 3 4] ;fcbtL£>ffl{£. WiliT. J. Bunning£> 
^LIQUID CRYSTALS, 1991, Vol. 
10, No. 4, pp. 4 4 5-4 5 6 t«aUT^5 

n © fa * s « ffi £ *r u s B «c # tfu k ia 1 * a ^ h # r* s 

& o 

[0 0 3 5] dCOffetCfc. 3U^^y ^^atBiCtt^ 

So 

[0 0 3 6 ] S& % *»«#tttMfi©Sft»s M»k - 

Jh,ft*«^bfc»JH*T»oT* «fcV>o &SV>U3u 

t v> s ^ p a^cq^m^t* * J; Oo 

[0 0 3 7] tt±tctSff«SMR*iifB ( 1 ) - ( 1 
0) cZ)«^St»j6**Tia«-rsi:JMTO«K:«tS. 

[0 0 3 8] 1 : TfliatROrtWKl^l/^^y 

y»«»»fc*iRJRitJB*MiaikfcJ: fttff8a(i)-- 

[0 0 3 9] ffifl§#J»2 : 3 v ^fta/IrtCDC 

MiK ch(2K ch(3)ic m^m^mmizxm^tz 

3teK:»bs fn-?*l4 0 0-5 5 0nm, 4 5 0—65 
0 nnu 5 5 0- 1 0 0 0 nm©«ft«ttrtfc«FffiK*f 

[0 0 4 0] ttm%)m3 : 3ifcZ3U7>TV *^«SJ1© 
Ch( 1 h Ch(2h Ch(3)tc x JB^HfcSffifc: Alt b 
fe*i:MlT, €Jx^ti4 0 0-6 0 0nm, 5 0 0- 
lOOOnnu 4 0 0-5 4 0 nmh 5 6 0- 1 0 0 0 
n m<Z> ttSttttrt t »ttfi»t.S -T * (O £ ffl V^ £ 3 4: ..fc 

[0 0 4 1 ] ffiffl«j«4 :3l/^f'J v ^*aJirt©* 

51 = (E X 2 -Ey 2 )/(Ex 2 +E Y 2 ) 

5 2 = 2 ExEycosd/(Ex 2 +EY 2 ) 
S 3 =2 ExEysin<y/(Ex 2 + Ey 2 ) 

Sfc, Su S 2 . S 3 ©2*SH* lT?*Sfctf>s ffi«C© 
fi*ttJB(±Si, S 2 , S 3 £ 3tti:-r££IB©*« 1 (0 50 



(5) »M 5 P7 - 2 3 9 4 7 1 
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[0 0 4 2] fpffl»*5 :3l/7f'J bT 
aa«f#0 . 2£JL±©*^H^tt*4ffl^SCt«C«t 

[0 0 4 3] m**TT-eoa«*«*-rs fc. S#*T0 

IM5 0nmT^S, busHsC C 1 ) fc*5UT. 

m=1.71, n2=1.51 («JB«f 0.2) . P 
10 = 3 0 0 nmt t4 KttSttitfilttB 4 5 3-5 
13nmh^t360 nmcDtfg h & So 
[0044] ni=1.73, n 2 =1.51 («JB 

#0.22). P = 3 2 0 nmkt^i:, 13tt&St&S 
®aii4 8 3-5 5 4nmi:^t), 71nmCDtgh^ 

So 

[0 0 4 5]$£oTs 3 y^^BJiCDaJB*?* 8 
0. 2 fil±t?»ttKa**TTT?©«fll« s WIBfca:5o 
[0 0 4 6] W±fc: J: O^jStfWS 

20 [0 0 4 7] KlbmttBJI*a£U&3fetiU -«fcffl* 

TN- L CDfclRiats ffiffi^4ffll^TS^*CD{l^^ 

[0 0 4 8] 3l/^fU iy^*ffl»lc*5»5HB*^Rf© 

y y ^«ajB®iaun*iafciHiiE*iai©»«:-s*nffl* 

«fc«). fclbn^fqli:[H]S^[n]©^^SP3<l*^Xltb 

[0049] «£ot, cniup$, ^a^^^^i/x^y 

* ^ * a ji t a st -r * ?t * * © ja u n is a ^ m c * ia 

[0 0 5 0] S^ffltofc:, {l*tt^^gBj^f Sjfe^^tS 
ft* h — *(S is S 2 x S 3 )^|tAt5o 

Ex. Ytt^lSl©**!^^ h;i/COJ5g^>Ey, E X i:EyCDte 

ffl^<y*^v^T»:S; C2D - C4D -e*«**t-So 

[0 0 5 1 ] 
[»2] 

C2D 
C3) 
C4D 

* (^7>Al/«i:55) ±0SMi:ltgtCh^ 
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[0 0 5 2 ] ZCDMmibZ h-?X'i^*-*t*7> 

[0 0 5 3] s tn- LCD<Dmmmmmm&*j ^ 

[0 0 5 4] ^B© 2 ^CDia^ii^; 

8 = arccos( aoai + bobi+coci) 
•^WWafi^HXIBC-II Vol. J7 5-C-I 
I, No. 3 pp. 1 4 9 ~ 1 5 7 £f3«£tuTO£ 



±4s 3 «4J^iibT[H]ftt5o Hot, *>r^;i/* 

[0 0 5 5 ] 2r3©HWfi**lie-j5«©*to5©ISlKft 

4 5° *riW«fc«***«S. Bliffl«ll«t:A»-r 

Z>yt(DMfeikZV—>7X^?* — # (aox b 0 s c 0 : 

53fc<DS*&fb;x h — * (ais bu c i) 

So 

[0 0 5 6 ] 
[R3] 

C 5 3 
1 5 tl^to 

[0 0 5 7 ] 
[«1] 
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-0.817 


-0. 857 


t 


-0.041 


-0.517 


-0.870 


-0.556 


-0.274 


U 


-0.892 


0.615 


0.455 


0.151 


-0.436 
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[0 0 6 2 ] ttiMMcotiJ 7;^yf^^|M 

(p. q, r) C 6 3 - C8D *>>£>?#*>n£o 

[0 0 6 3 ] 

[R4] 



10 



p =cos0o I cos0 o I 
q =cos0o 1 sin0 o I 
r =sin0o I 



C6D 
C8D 

[0 0 6 4] 
HR5] 



001 =arctan [ C( ao~ a i )cos0 oi + ( b 0 _ b i)sin0oi3 /( c i — c o)] 

C 9 } 

20 



m^ommmwimm^^^x, (p. q^ r) £*<d$l 
fi»#tt**»fc»**ai^a5fcflfia-rs. 

— «fcbT«2©y-f * bft2 4 0° , And = 0.9 
3/zm©B»«*BJi£oUT2R8>fc (p. qs r) * 
*7>*l/»±t7ny ft 5i:ia9<o«lt:a:5o z<D 

[0 0 6 5] ±|BO0h (P. q> r ) *fljWCffiffl*R 



lb* h-<^^^7^-**(Os o. -i)h-rn«<fc 

l^o K»ffl«fflJB^OAit*E©a»fb^ b— ^^^^ 

tt«sc c i od 7?«*ns- 

[0 0 6 6 ] 
[ft 6] 



30 



E' =R3(-<9oi)x R2(-0Ol) x R i(®)xR 2 (0oi)xR3(^Ol)xE 

-CIO) 

[0 0 6 7] 
[»7] 



Ri(6), R2(0). R3(0)fci\ 5£ CI 1) 
C 1 2D , C 1 3 3 T*^n5o 



Ri (6) 



1 


0 


0 


0 


COS© 


— sin© 


0 


sin© 


cos© 





^COS <{J 


0 


— sin^ 




0 


1 


0 




sin 4> 


0 


COS ip 




^cos 0 


— sin0 






sin0 


cos 9 


0 




0 


0 


1 

J 



CI 1) 



C 1 2] 



(1 3) 



[0 0 6 8] mllBSt C 1 0 } icfc^T^ E' =( 0 , 0, [0069] 
-l)ffe5fe»> (s, t, u) CI [&8] 

4) ~ C l 6 3 <nm\z>%iibh1xz>o 50 



(8) 

13 

s = ( 1 —cos@ ) r p — q sin© 
t = ( 1 -cos@ ) r q + psin© 
u = r 2 4-( 1 - r 2 )cos© 

[0 0 7 0] Sfc, -«i:Uty>f^bft2 4 0 o , A 
nd = 0 . 9 3 >um©eftffl*ft»£-3^T#tf>fc 
(s, t, u) 3j?r>AHS±icrD!y h-r-SfcH 

^t)i:Mt5o cftfix 0 9 fc^bfclifcigifcgcD 
[0 0 7 1]*!:, i©«ft«fid«Cft#*«ffi«IEO 

0i = «oi 

02=^01 + 9 0° 
0p=0OI±0OI 

Ifi*01O, El 1 1 TMt^o 20 
[0 0 7 4] 0 P =0 O i±0ON 0i = 0oi*:b. fil#tS 

pj^fc^tts^ffiftasfloi"^ #7>*v«0 
B&&&&mi&A&#fo£LitPi±\zfr1ii$lt& CHI 
0 (a) 3 o HttS 3 «*lfiI*6«fc*r>*l/*-Cft 
Sfcfc* R, G N B (±^B E i:BE* (XtiLftifiO?=e 
Oi±0oi^*ittHWiC«**l5iB»Bx iB*B'l:3t«7 

k4S«ttt«Sl©Andi (»*x«ffl*f) *R« » 

CH10 (b) 3 o HttiI«A<Z>#ia*6li,fcsP7 s ' 
>*I/*aiBT»5, pmjaBES&ttBE* 

*r>*w»±*»ttr-segst?ftSo £^ sio 

Andi= (3 6 0° n-@ + 5 4 0° 
fcfcb* a C2 0 3 *T\Mt#J& s ^BE©»£-9 0° CD 
flf^tt + T?*?), A&t##/£BE* <D»&-T!ft5o 
[0 0 7 7] Sl-SOEMfflMSJlfcl-^Ts And 

S 
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CI 43 
CI 53 
Cl 63 

W#<Z>ayt±lcffi«-r* 1 *) ©SHE 

2jR©ffiffi«*ffiV>TBIl 0 tc£^fi#ttffi©«fi#« 
[0 0 7 2 ] 2jR©ffiffltE<Z>rt, B»fli*iiJi£5fi«-r 

[0 0 7 3] 
[R9] 

Cl 73 
CI 83 
Cl 9] 

(b) *©(s. t, u)' h(0, 0, -1)' HU *n 
j enfifflfi2»i8i:(ss -u uh (o, o, - l )iz 

[0075] 010 (b) it), Alft>te^^BE^<?>ffi 

tstfc i (c xtt-ra^^Ts ii^acd^ & (Dmrnnw 6 3 0 

A©ffl&*n«*&»fc@oTa>£(s. t, u)* fcfilii 
bT&il^o CCO^©[h1Sk^«3 6 0 n° + 6 3 0° - 

£\ H«fc:bTIIHE#att3 6 0n° +4 5 0° -©Tfe 

So J&L-t<t Ox ffifi«10»fiA*:l3ltSAnd 

i U) tt, S^#©&fi*Afc-r£h&5£ C2 0] cd 

[0 0 7 6] 
[R10] 

±90°) A/3 6 0° •« C2 03 

0^ffiI(n*^bfcl$?tt«I5 5 On 
m T* m felt b fc A n d i CD ffi T* & 5 o 
[0 0 7 8] 

[*6] 

6 

And =0/78) 





Andi (nm) 


(26)a$;*tD«^ 


+ 


+ 






(28)S:*CDn 


0 


1 


0 


1 




450 


558(1.01) 


1008(0.92) 


333(1.21) 


783(0.95) 




500 


544(0.95) 


1044(0.95) 


294(1.07) 


794(0.96) 


RS(nm) 


550 


550(1.00) 


1100(1.00) 


275(1.00) 


825(1.00) 




600 


555(1.01) 


1155(1.05) 


255(0.93) 


855(1.04) 




650 


563(1.02) 


1213(1.10) 


238(0.87) 


888(1.08) 



[0 0 7 9 ] 



[»7] 



(9) «fBB 3 P7 -2 3 9 4 7 1 



15 16 

3i 7 

(^Xhft240° , And=0.93) 







And 


i (nm) 




(26)S+a>«% 


-h 


+ 






(26) 3* (On 


0 


1 


0 


1 




450 


671(1.07) 


1121(0.95) 


446(1.27) 


896(0*99) 




500 


629(1.00) 


1129(0.96) 


379(1.08) 


879(0.98) 


Jftfifam) 


550 


626(1.00) 


1176(1.00) 


351(1.00) 


901(1,00) 




600 


623(1.00) 


1223 (1. 04) 


323(0.92) 


923(1.02) 




650 


623(1.00) 


1276(1.09) 


301(0.86) 


951(1.06) 



[0 0 8 0] 



10 [18] 

m & 



[0 0 8 1] 





And t (nm) 


(26)5S*<D«H§ 


+ 


+ 






(26)it*0>ii 


0 


1 


0 


1 




450 


750(1.11) 


1200(0. 98) 


525(1.30) 


975(1.02) 




500 


692(1.02) 


1192(0.97) 


442(1.10) 


942(0.99) 


jfcft(nnL) 


550 


678(1.00) 


1228(1,00) 


403(1.00) 


953(1.00) 




600 


670(0.99) 


1270(1,03) 


370(0.92) 


970(1.08) 




650 


670(0.99) 


1320(1.07) 


345(0.85) 


995(1.04) 



[«9] 

9 





And 


i (nm) 


(26)5£4*<Z)Jfi# 


+ 


+ 






(26)5£#<£n 


0 


1 


0 


1 




450 


671(1.07) 


1121(0.95) 


446(1.27) 


896(0.99) 




500 


625(1.00) 


1129(0. 96) 


379(1.08) 


879(0.98) 


ftft(nD) 


550 


626(1.00) 


1176(1.00) 


351(1.00) 


901(1.00) 




600 


623(1.00) 


1223(1.04) 


323(0.92) 


923(1.02) 




650 


627(1.00) 


1276(1.09) 


302(0.86) 


951(1.06) 



[0 0 8 2] 



(y^Tshft 90* 



[$10] 
1 0 
And=0.81) 





Andi (nm) 


(26)iS+(D«^ 


+ 


+ 






(26)^+COn 


0 


1 


1 


2 




450 


526(1.04) 


976(1.04) 


751(1.12) 


1201(0.99) 




500 


429(1.09) 


929(0.99) 


679(1.02) 


1179(0.97) 




550 


392(1.00) 


942(1.00) 


668(1.00) 


1217(1, 00) 




600 


342(0.87) 


941(1.00) 


641(0. 96) 


1241(1,02) 




650 


293(0.75) 


942(1.00) 


617(0. 92) 


1267(1. 04) 



[0 0 8 3] 0 2 =0oI + 9O° tU ffiffltS 1 

^7>*1/^©SM (S3<D«F^#ft-c»S««) «c 
&m$K2> CHI 1 (a) D o 
[0 0 8 4] R, G. BttS 3 tt:&lRia»SJifc 

tSo H 1 0 fc—fliJfc^Lfc^&iggtf) (s, t, u) 
And 2 = 0oi^/3 6 0 ° 

wftaawwca; C2 n *iwsitAnd 2 ^s 

5 5 0 nm£:|3^T^*iBJg*S«£ And2*5£&*l 



40 fflt£2 £S5iUfc&i£gcD#£: (s, t. u) ©^fti: 
%:?VZZ£&X-£Z> CHI 1 (b) 3 . 
[0 0 8 5] tefflffi2©'J^r-^3>And 2 ii»:S 
C2 ID <D«£j£tf>ftttJ;^ 0 
[0 0 8 6] 
[Rll] 

(21) 

[0 0 8 7] m~5©ffi»fli»ciiJl£oV*T,> $15 
5 0 nmOmmytO&QiZjZ (2 1) 
50 Andz^gl li:$to 
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[0 0 8 8] 

m i i 







Anda (iun) 




AncK/ttii) 


240° 


0. 78 


47.9° 


75 


240° 


0.93 


44.5° 


68 


240° 


1.05 


48.5° 


74 


260° 


0.81 


53.7° 


82 


90° 


0.81 


-30.9° 


47 



[0 0 8 9] 0oi^(D^m^^> 0-9 0° zxTcom* 
m&ft. STN-LCD^TN-LCDtffl^f>tlt^ 
S^Xfy ictt* 001**2 

0° -7 0° eAT©«5B£S>*« W*ift««a*4 0 0 
nm~7 0 0 nmh bTx SC C2 ID £ A n d 2 <E>36 
m&&&)%>£. 2 5-1 4 0nmt^So 

[0090] fi3t«(3Daatt*ffift*>0oi^«fc^T*s 

^jgl* 1 0-3 5° fc-Tix«J:^ 0 
[0 0 9 1 ] fHB«>£6 : ±«aE«t©*«£, 

s = ( 1 —cos© )r p + qsin© 
t = (1 -cos®)rq-psin@ 
u = r 2 + ( 1 — r 2 )cos© 

*y h*#JBv^nT^s#. c©flhn#y 

[0 0 9 8] #7— S^fcttaS* #s »©3fi*«vV-S 

[0 0 9 9] affis =3 u-x^ y ^ ^«stfx W2o 
-r=»ux7 i yy^*a»*2»aiaTfflv^n«. v-t?> 

[0100] ^fex BHSfcx MT* 1 0 0 nmttlCi* 
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[0 0 9 2] 7 : 2 *fcCDffi*§t6£fl§ IV teffltfc 

2®«ffitt*±a«©Eiaffl3l^iRit:»LT¥fT(Cx ffi 

ffifi 1 Ojiffl«II#±*«©BlRl»31*|Sjt» IT45° 

[0 0 9 3 ] fHB£)K8 : 2 © 'J ^-S/ a >* 

2 5 ~ 1 4 0nmi:t5:^ia^ &i&g<£>}feteHg^ 

[oo9 4] f^m«jR9 : myt&<DMmmt±&m<D& 

ffifflS^iafftt-Tfc* 1 0-3 5° il-rSClhtCct 13. 

[0 0 9 5 ] ftUBSMRl 0 : ttffltg 1 CD V * 5 s — i/ a > 
^3 0 0-1 0 0 0 nmht5^i:l:i!)s S-iS^cD^: 

[0 0 9 6 ] Iffitft^ttts 3 

*>*fc>fcV>« E'=(0s 0, DiifcfK 

(s. t s u)tt*5t C2 2D ~ C2 4D T*3t#>*>n£o 

[0 0 9 7 ] 

[Rl 2] 

C2 2D 
C2 3D 
C2 4D 

tss. ssaJBJf^^i^^^y y^*fflJi*fflt^ 

[0 10 1] liu!3<D{£ffl«s (iAK^lS^Sfi. — 

So 

[0 10 2] *»W»4XYttffi*ffl^fc*ffla^ 

y, RFffl-*©a^^<*^tlM^^<*;i/©*S« 
[0103] 

5^ [*flfi«] *:^H^cD^a^^^g^^S£fi?>Ji-ct fti^^-r 
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[0 10 4] C^M 1)0 1 t:*^W0iI^*^I 
©«fi8*3S-To ±T©M 1 2 , 2 2iiXYI114, 

2 4hEfq]Mi i, 2 mmmi o*»»it 

1^3. TStS2 2 fin W^^U ^^»H3 0*«t;iT 
XYSJS1 4, 2 4{£, Kt&HESl 5, 2 

[0 10 5] ±TM1 2, 2 2tt#7^«t?. XYt 
ffil4, 24liITOiP^^5o K(rI01 1 1 , 2 

IStitUS, iBlSUlSlfefftts ^0t3MIO.4m 
m, BiRlOOOrpm, 31 6 S£jg 3 3 m/s k b, 

(*2 4 0° kbfco 
[0 10 6] ffii&fflcD&aJl 1 Ofcfc, 
(Dr^^M©HR 9 0 3 2, AnttO.125) 

hii^^^m (*)\/t7#m<Ds 8ii. ^rsao. 9 

UX) k*6*!)x JfJP&6.2//mT*$>£o 
[0 10 7] ni^^y ***a«3 ottw*#y *>n 

to JBtttfy^D^VlS^fttMol. Cryst. L iq. 
Cryst., Vol. 19 9, pp. 3 4 5 — 3 7 8 £33* 
*tlTV>Slfefft?-&fiBbfco 

[0 10 8] Z3 u*tV >#»*^t?«ffl©$#*4 

(a) 47%, (b) 37%, (c) 3 2%, (d) 2 
8%, (e) 26%, (f) 24%, (g) 2 2%, 

(h) 18%, (i) 16%, (j) 14XkU 
SWOttfifgaOs-^ix^n (a) 4 0 0 nm-4 7 0 n 
m, (b) 4 2 0 nm— 5 0 0 nm, (c) 4 4 0 nm 

— 5 3 0 nm, (d) 4 6 0 nm— 5 5 0 nm, (e) 
4 9 0 nm— 5 8 0 nm, (f) 5 1 0 nm— 6 0 0 n 
m, (s) 5 3 0 nm— 6 2 0 nm, (h) 5 5 0 nm 

— 6 5 0 nm, (i) 5 7 0 nm— 6 8 0 nm, (j) 
6 0 0 nm— 7 1 0 nmt^S^ l/^f 1 ) y ^i*B*fli 

^tzo zhsxtv **«sji 3 0F*3^(i, 

«J»#2^fcSfcS««Ch( 1 )* Ch(2)^7h7^ 
rttt^, Ch(l)Cli (a) k (c) 

k (f ) <Dffi.m&s ch(2)tc(* (i) k (j) <omm 

[0 10 9] Sffflftt (a) k (i) O^WJy 
^*a*«SttJB**5<t'5fiP»bfcttaBfc:Ts fflBilifi 

Mf'Jv^IBB2 (a) ©flltcS^fcff bT*e> 

(b) ©a^s^u^y y^«a*¥st:u s^tc 

Rjgtatic^Stsaicufc. i2 (c) €0 

miz (a) k (i) ®±Jc^tl-en (c) k (j) 
*&b, tCbT^fiftib*:. fc*>\ (c) <D±\Z& 



(11) ^IB¥7 - 2 3 9 4 7 1 
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(f ) ss*&u ^sibbfeo d©^ia2 (d) comic 

K^#£b£#:#>, *<D±fc¥SfbJB*a*U 02 
(e) ©«£«36*«KU ^h7^7tttMlft. 
[0 110] ±IB3U^7 t U y^iftBJBtt* tob*l<D$fi 
*£fiffifc2*bSififc:b&o X h v>f ^^[plk^fTT-, 
locDX bv^yiz 1 *©«ffi*««|i61"S«fcXY«ffi 
^Mb^co fiL±©«fcbT*:K4 0 0 nm— 6 0 0 n 
m, 5 7 0 nm- 7 1 0 nm£*SttK8**S*t\ t/T 
>, RCD2e^»jsB-rs*^ — 7>f ;i/**fPJsEbfc« K 

[0111] CXffitt 2 D S*l5fi§#J 1 cd«AS^S*(c« 

UfcJI&S««Ch( 1 h Ch(2), Ch(3)^7h7 

[0112] Ch(l )HU ( i ) k ( j ) £>*SJI#:, C 
h(2)tt (f) , Ch(3)tt (a) k (c) cD*iJI&k 
^n^nj^figb, iSS5 7 0 nm-7 1 0 nm, 5 10 
nm— 6 0 0 nm, 4 0 0nm-5 3 0nmC1?M 
20 R, G, B 3efc#J6*3*^ — 7*f ^**f£ 

[0113] cssmsgj 3 3 mmm 2 ©n^ist:^ 

OT, Ch(l)£ (a) , (c) , (f) (ommfo, c 
h<2)« (f) , (j) CD***, Ch(3)£ (a) , 
(b) , (i) CD«EJH*:*fllV^ ifcH4 0 0 nm-6 0 
Onm, 5 10 nm— 7 1 0 nm, 4 0 0 nm— 5 3 0 
nmk 5 7 0 nm— 6 8 0 nm £^(4^8**^3% >T 

[0 114] *««2©*«*^««fc:, 

i k{MBtR2*tt*.fc. 

[0115]gll«fc*K tefflt6 2co*&g5 5 Onml: 
*lj"5 y * r-^> a >S 7 5 nmk Ufe. S6© 
ifCfcfcSe C2 03 4>©«^£-, n^oafci^A 

*£Tffiffi«i £tt#y#— sis 5 

0 nmfciJtt* y *>a 2 7 5 nmkbfco 

40 [one] tefflifc i <Dmm$bftmz±.&fc i 2 

©BEfRlSQiS^rRltc^fi 1 ^ b, ffifflfe 1 CD?lffliaftjS(i± 
£S 1 2 CDgafRl^S^lRlk 4 5 0 ^^-r^tci&^bfco 
S^:, (l*^©Si§iaftJSiiSl 1 J: S ±St6©8E|pJ5!l 
S^fn)k^4 8 0 *«;-r«tlft^b3fco 

[0117] co*aa^««©sit*©K»«ffiflt# 

tt*ai*bfckc4, r, g, B(DVA-rticoa^e*) 

2 . 1 VftfiS^Stt^tflS^kfe t), WS^©KSt*tt 
R#14%, G^10%, BA«14%T-»ofco 

Mttt 1/2 4 0 ^J.-T 1 ^ IKifj^^^T 7 : 
5(? 1, G^8 : 1, B#5 : lT*ofc 0 
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[0 118] «±©«£ffiffi«i Miffi2M^i): 

[0119] C^SS^J 5 ) fUSS^J 3 (DttB&^SEB^s 
ffifflttl kffiffl«2*Sn*fc. fflffl«l CH:4«U*-* 

*2 7 5 nmfcb;fc. *fc. fflffllE 1 ©«ffl«#IJKtt± 

tt±a«®Eiqi»a«iRii:4 5° 

its «**©»jii«Ms*tt»i i&*)±&fo(Dmfam 

[0 12 0] c®ttiBft^£Ba>Ett*®BimEttc# 

■f*t*2.1VftiETSIt*#«/hfcft5s ««3SeoS 
tt3M^>T># 1 4%, >f:cn— #10%, v-fc?>^# 
14%T'$>oL 3>b7XMtlil/2 4 0ra-f 
>fffiI&£:fcV^>7'>#6 : h -fain— #7 : 1. V 
-t?>y#5 : 1-efcofco 

[0 12 1] tt±©«tffi«*l £&Lm&2&M3i2>Z 

[0 12 2] C*SS^J6D »j4©«ia^81t:l3 

CDM J 8 9 1 2 2*fl^fc. SI U6s ffi*Btfc2CDi£ 
g5 5 0 nmt*»5 U * t*— ^>3 >* 6 8 nmh b 
fee *fc* g|7CD*T*te5£ C2 0 3 *<Z)}g^£-. n£ 
0 t bfcHi§r<E> And V 

b*fli<^ »S5 5 0 nmi:*IJ5y*f-S/3>*3 
5 1 nmi: b2r<> 

[0123] £ fc, teffltfc 1 ^)5ifflffl^JS(i±StS£Dg3 
CD@EfRlMS^[Rlh 4 5 ° *fc"T«fc:aft5£bfc. ffi 

ytfo<DMmmnmzm 1 1 * & ±^t6©gaftjeL3i^(R] t 

3^4 5° *ft*-*£IB!*bfc. 
[0 12 4] R. G, B©t^*l©g^««*> 2 . 1 V 

0^-^>f ffiiSl:::fcOTR#8 : K G#9 : b B 
#6 : 1-efcofco 
[0 12 5] «±©«fcffiffl*l £{£fflt£2£in*.£C 

TRj**#a'.hi:&!K * ^-^£jfjp*Tt©a^#W 

[0 12 6] C^S6^J7D XffiM4 0tta«^gttiC*S 

HR 0 0 0 8 SJB^Jfco 

[0127]$1U!), ffiffltE2CD»S5 5 0 nmt 
*5«tS U ^t 5 — S/3 >* 6 8 nmfcbfco 31 8 <D 



(12) £fM¥7-2 3 9 4 7 1 
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^T'teit C2 0) + <9ffi^£ + , n^OhlM60A 

J&M5 5 0 nmi:*l« U 5/ a 6 7 8 nmh 

bfeo Sifcs 1 ©«ffi«ftJft»i±a«©Eiaffi31 

»lRUc¥fftb, ffiffi«2cD?lffiffl^S«±St5©B2rSj 
4&3i;5|q|i:4 5° *ft-rfiHc»3ebfco d*«£> 

J0 [0128] R, Gs Bm^ft©S3S««*2. 2 V 
WiE"? SWIMS']* i: & !K J>h7^Mtlil/24 
Ofa-f^IiiCiJV^TR^S : 1, G#10 : b 
Bit 1 0 : lt^ofcc 

[0 12 9] fil±©«tffi«*l i:(5i4itS2 *SP^SC 
h J: 5 Ji * M UBJiraBEEffifc* 

[0 13 0] CXfli0l8] IUKM4CD«n*^fiS(ctS 

20 HR 0 0 0 ISfllUfc. * b^l* 2 6 0° i: U # 

j^frm* l.oitx^fstfeo 

[0131]glUt)s ffiffiS2©^S5 5 0 nmfc: 
*5tf5y*r-^3>*8 2nmi:lfc. £fcs S 9 © 
tTliS C2 0) + N n£ 0 h b*:±§£-<OA 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the reflected type liquid crystal display in which a big 
screen highly minute display and color display are possible by the low cost using a liquid crystal 
display, especially XY electrode. 
[0002] 

[Description of the Prior Art] A liquid crystal display has the feature called lightweight, a thin shape, 
and low power, and is spread ****** as display, such as a word processor, a personal computer, and a 
workstation. Since a reflected type liquid crystal display does not need a back light in it, power 
consumption is still lower compared with a penetrated type liquid crystal display, and there is little 
consumption of a dc-battery power supply, and it can be used also on the outdoors using outdoor 
daylight. It is considered by such advantage for a reflected type liquid crystal display to become the 
mainstream of the display for porter pull type OA equipment from now on. 

[0003] The great portion of software for OA equipment sold now is color display correspondence, and 
there are some which will be hard to use it if it is not color display in inside. Then, the reflected type 
liquid crystal display is also asked for colorization. However, the following problems arise only by 
transposing the back light of the penetrated type electrochromatic display display put in practical use 
now to a reflecting plate. 

[0004] (i) Shortage of the luminosity of a display (ii) The fall above of the color purity of a foreground 
color originates in the transparency spectrum of the light filter used for penetrated type electrochromatic 
display display showing a gently-sloping gauss function-like distribution like drawing 12 . Although the 
wavelength distribution of the visibility human being's eyes must be taken into consideration in fact, the 
luminosity of a display carries out **** correspondence of the foreground color in the area of a 
transparency spectrum at the width of face of the wavelength field over which a transparency spectrum 
is distributed. Moreover, if the area of a transparency spectrum tends to be increased and it is going to 
increase the luminosity of a display, as a dashed line shows in drawing 3 , the distribution wavelength 
field of a transparency spectrum will increase remarkably, and the color purity of a foreground color will 
fall remarkably. 

[0005] (i) and (ii) have the relation of a trade-off, On the other. hand, S MitsuUtc. is SID92. DIGEST In 
473 pages, the reflective color LCD panel which combined the light filter with a guest host's light- 
scattering display is announced. However, the contrast ratio is as low as about 3:1, and since it uses 
TFT, it has the problem which says that cost is high. Moreover, Martin Schadt has announced the 
reflected type liquid crystal display using the cholesteric-liquid-crystal layer which shows property 
reflection to a visible wavelength field in Liquid-Cristal Devicesand Materials(1991) Vol.1455 and 214- 
224 pages. However, the increase method of of the colorization and contrast ratio is not described. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, the reflective color LCD panel of high 
contrast with a bright display is not put in practical use. A display is high contrast brightly and this 
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invention aims to let composition offer a simple reflective color LCD panel. 
[0007] 

[Means for Solving the Problem] The summary of this invention for solving the above-mentioned 
technical problem is as follows. 

[0008] (1) Equip the aforementioned substrate side with the electrode (or XY electrode) which has the 
mechanical component which impresses the voltage more than binary to the vertical substrate countered 
and arranged, a liquid crystal layer, and the aforementioned liquid crystal layer. The aforementioned 
liquid crystal layer is the liquid crystal display currently pinched by the aforementioned substrate. The 
bottom substrate of the above is equip ped with a cho je^ric-liq uid-crystal layer and an opti cal- 
ab sorptionTaye f^ and the aforementioned cholesteric-Uquid^crystal layer is seen from a user side, to the 
aforementioned electrode down side Arrange the aforementioned optical-absorption layer to the 
aforementioned cholesteric-liquid-crystal layer down side, and the aforementioned cholesteric-liquid- 
crystal layer has two or more fields where the wavelength fields of property reflection differ mutually. If 
the wavelength field of property reflection sets to Ch (n) from Anm the field which is Bnm (integer of n, 
ml, 2, and 3 --), each Anm will be 400nm or more, and each Bnm may be lOOOnm or less. 
[0009] (2) The aforementioned cholesteric-liquid-crystal layer has Field Ch (1), Ch (2), and Ch (3), and 
the wavelength field of the property reflection to the light which carried out incidence at right angles to 
the layer flat surface of each field sets it to Al 1 >=400nm, Bl 1 <=550nm, A21 >=450nm, B21 
<=650nm, A31 >=550nm, and B31 <=1000nm, respectively. 

[0010] (3) the wavelength field of the property reflection to the light to which it has the aforementioned 
cholesteric-liquid-crystal layer, and it carried out incidence of Field Ch (1), Ch (2), and the Ch (3) at 
right angles to the layer flat surface of each field -- respectively -- A 1 l>=400nm B 1 K=600nm A 
21>=500nm and B21<= -- you may be lOOOnm A 31>=400nm B 31<=540nm A 32>=560nm B 
3 2<= lOOOnm 

[001 1] (4) Prepare each field of the aforementioned cholesteric-liquid-crystal layer corresponding to a 
display pixel. 

[0012] (5) Make ******** of the aforementioned cholesteric-liquid-crystal layer or more into 0.2. 
[0013] (6) Carry out the laminating o f a phase plat e and the polarizing plate to order from a substrate 
side on the outside of an above top substrate. 

[0014] (7) The liquid crystal display according to claim 1 to 5 which made the lagging axis of a phase 
plate 2 parallel with the orientation processing direction of a top substrate, and made the lagging axis of 
a phase plate 1 the orientation processing direction of a top substrate, and 45 degrees when it had two 
phase plates and was a phase plate 2 and a phase plate 1 from the top substrate side at order. 
[0015] (8) Set the retardation (thickness x birefringence) of a phase plate 2 to 25-140nm in the above 

(7) * 

[0016] (9) Make into 10-35 degrees the angle which the orientation processing direction of the 

transparency shaft of a polarizing plate and a top substrate makes in the above (6). 

[0017] (10) Set the retardation (thickness x birefringence) of a phase plate 1 to 300-1000nm in the above 

(9). 
[0018] 

[Function] how to solve the trouble of (i) and (ii) stated by the Prior art is considered The light filter is 
performing alternative transparency of the light of a specific wavelength field using the absorption of 
light or dispersion, and as long as this principle is used, (i) and (ii) are nonavoidable. 
[0019] Then, in this invention, property reflection of a cholesteric-liquid-crystal layer was used. A 
cholesteric-liquid-crystal layer is a layer from which the direction of the director showing the direction 
of average orientation of a liquid crystal molecule changes right-handed rotation or in the 
counterclockwise direction continuously. It has the property of reflecting the light of the field of 
wavelength lambda where a cholesteric-liquid-crystal layer has equal direction of torsion and hand of 
cut of the inside of the two peculiar polarization (elliptically polarized light), and self, and is expressed 
with a formula [1], and this is called property reflection. 
[0020] 
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[Equation 1] 

Pn2< lambda<Pn 1 [1] 

nl and n2 are the one among n|| (refractive index of the direction of a director), and n** (refractive 
index of a direction perpendicular to a director) where a value is larger respectively, and the smaller one, 
and P shows the pitch of torsion. In addition, since the wavelength field of property reflection is narrow 
enough, it colors and the reflected light is visible. 

[0021] Moreover, the wavelength field of property reflection can be adjusted by changing the pitch of 
torsion so that clearly from a formula [1]. The pitch of torsion can be changed and the light filter for 
liquid crystal displays can be made by forming the cholesteric-liquid-crystal layer which made the 
wavelength field of property reflection the wavelength field equivalent to R, G, and B of the 
conventional light filter for example, in the shape of a stripe. 

[0022] The light filter using the above-mentioned cholesteric-liquid-crystal layer has some advantages 
as compared with the conventional light filter for liquid crystal displays. 

[0023] The transparency spectrum of a cholesteric-liquid-crystal layer is shown in drawing 4 . It applies 
to 590nm from the wavelength of 510nm, and permeability is falling about 50% and shows property 
reflection in this wavelength field. 

[0024] Thus, the reflectance spectrum of a cholesteric-liquid-crystal layer shows very steep standup and 
falling as compared with the transparency spectrum of the conventional light filter for liquid crystal 
shown in drawing 12 . In addition, the area of a spectrum is in a transparency spectrum, ****, etc. of a 
light filter by making it drawi ng 3 , and the reflectance spectrum (solid line) of a cholesteric-liquid- 
crystal layer is written together. 

[0025] Thus, even if it increases the area of a spectrum and increases the luminosity of a display, there is 
little increase of the distribution wavelength field of a spectrum as compared with the conventional light 
filter, and the color purity of a foreground color does not fall so much. 

[0026] Since a cholesteric-liquid-crystal layer reflects light by property reflection, the light filter using 
this serves as a reflecting plate. Furthermore, a cholesteric-liquid-crystal layer is also the optical isolator 
which makes polarization from the natural light by property reflection, and this light filter serves also as 
a polarizing plate. In addition, in order to absorb the transmitted light outside the field of property 
reflected wave length, and the peculiar polarization with the hand of cut reverse [ the direction of torsion 
of a cholesteric-liquid-crystal layer ] in a field, an optical-absorption body whorl is prepared behind a 
cholesteric-liquid-crystal layer. 

[0027] The cross section at the time of transposing the cross section of the liquid crystal display of this 
invention to drawing 5 , and transposing the back light of the conventional penetrated type 
electrochromatic display display to a reflecting plate at drawing 6 is shown. In the liquid crystal display 
of this invention, a light filter, a reflecting plate, and a polarizing plate are unified, and the whole 
composition can be simplified by having prepared directly under the bottom electrode 24. The shadow 
of a dark display it was shadowless on the problem with the conventional reflected type liquid crystal 
display stops moreover, coming out by having made the cholesteric-liquid-crystal layer 30 into the light 
filter. 

[0028] On the other hand, in the conventional reflected type liquid crystal display, the reflecting plate 50 
is put on the outside of the bottom substrate 22, and the distance for thickness of the bottom substrate 22 . 
was between the electrode 24 and the reflecting plate 50. Therefore, when light carried out incidence 
from across, the shadow of a dark display arose on the reflecting plate 50, the dark table picture looked 
double, and visibility was spoiled greatly. 

[0029] As for example, F.H.Kreuzer and others has announced to Mol.Cryst.Liq.Crist, 1991, Vol.199, 
and pp.345-378, an annular polysiloxane system polymer liquid crystal can be used for a cholesteric- 
liquid-crystal layer. One example of the molecular structure is shown in ** 1. 
[0030] 
[Formula 1] 
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[003 1] (However, x shows 0.2-0.5 and, in p, 3 or 4q shows the integer of 4-6) . 
[0032] By changing the content ratio of the above-mentioned side chain, the above-mentioned liquid 
crystal macromolecule changes the pitch of torsion, and can set the wavelength field of property 
reflection as arbitration ranging from the visible wavelength field to a near infrared region as it has a 
side chain containing a cholesterin skeleton, and the side chain which does not contain a cholesterin 
skeleton and is shown in 23 view in this reference. The cholesteric liquid crystal which shows property 
reflection by this to the wavelength field corresponding to three colors of R, G, and B is obtained. 
[0033] A light filter is obtained by forming these in a substrate side in the shape of a stripe furthermore, 
using meanses, such as printing, and forming the distribution of Ch (1), Ch (2), and Ch (3). 
[0034] For the shaft of torsion, for example, T. J.Bunning and others is LIQUID. As announced to 
CRYSTALS, 1991, Vol.10, No.4, and pp.445-456, perpendicularly [ of a direction ] share stress was 
added is turned to. Therefore, share stress can be added to the cholesteric-liquid-crystal layer formed in 
the shape of a stripe on the substrate in parallel with a substrate side, and the shaft of torsion can be 
turned in the perpendicular direction to a substrate side. 

[0035] In addition, the macromolecule which has an aromatic machine and the dissymmetry structured 
division, for example, a polyester system macromolecule, the polyamide system macromolecule, etc. are 
suitable in the molecule at cholesteric liquid crystal. 

[0036] Moreover, you may be the resin which mixed a black color, a pigment, and these on the optical- 
absorption object. Or metal membranes, such as chromium used for the black matrix of penetrated type 
electrochromatic display display, are sufficient. 

[0037] It is as follows, when the operation effect by the above is made to correspond with each means of 
aforementioned (1) - (10) and is indicated. 

[0038] The operation effect 1: By having a cholesteric-liquid-crystal layer and an optical -absorption 
body whorl inside a bottom substrate, the problem of aforementioned (i) - (ii) is solved and the shadow 
of a dark display is also canceled. - 
[0039] The operation effect 2: The wavelength field of property reflection can be made into the 
wavelength field equivalent to the foreground color of R, G, and B by using what shows property 
reflection in a wavelength field (400-550nm, 450-650nm, and 550-lOOOnm), respectively to the light 
which carried out incidence to Ch in a cholesteric-liquid-crystal layer (1), Ch (2), and Ch (3) at right 
angles to a layer flat surface. Thereby, in addition to an optical isolator-cum-a reflecting plate, it can be 
used as the above-mentioned light filter. 

[0040] The operation effect 3 : As opposed to the light which carried out incidence to Ch (1) of a 
cholesteric-liquid-crystal layer, Ch (2), and Ch (3) at right angles to a layer flat surface again By using 
what shows property reflection into a wavelength field (400-600nm, 500-1 OOOnm, 400-540nm, and 560- 
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lOOOnm), respectively The wavelength field of property reflection can be made into cyanogen, yellow, 
and the wavelength field equivalent to the foreground color of MAZENDA, and, in addition to an 
optical isolator-cum-a reflecting plate, it can be used as the above-mentioned light filter. 
[0041] The operation effect 4: By making the distribution of each field in a cholesteric-liquid-crystal 
layer correspond with a display pixel, control by the drive circuit of a foreground color becomes easy. 
[0042] The operation effect 5: When a birefringence uses 0.2 or more optical anisotropic bodies as a 
cholesteric-liquid-crystal layer, the wavelength field of property reflection spreads. 
[0043] When the use under a fluorescent lamp is assumed, the emission spectrum of a fluorescent lamp 
is a set of the bright line, and the distribution wavelength width of face of each bright line is about 
50nm. In the aforementioned formula [1], if nl=1.71, n2=1.51 (birefringence 0.2), and P= 300nm, a 
property reflected wave length field will be set to 453-5 13nm, and will serve as width of face of 60nm. 
[0044] Moreover, if nl=1.73, n2=1.51 (birefringence 0.22), and P= 320nm, aproperty reflected wave 
length field will be set to 483-554nm, and will serve as width of face of 71nm. 

[0045] Therefore, with [ the birefringence of a cholesteric-liquid-crystal layer ] 0.2 [ or more ], the use 
under a fluorescent lamp is attained. 

[0046] The high reflective color LCD panel of the color purity of a foreground color is obtained brightly 
[ a display ] by the above. 

[0047] Since polarization distribution is generally given to the light which penetrated the liquid crystal 
layer for a drive, it must compensate polarization distribution of the transmitted light like STN-LCD 
using a phase plate for raising a contrast ratio. The derivation method of the setups of a phase plate is 
described below. 

[0048] What is necessary is just to make the polarization state of the light which carries out incidence to 
the cholesteric-liquid-crystal layer 30 at the time of a dark display into the elliptically polarized light 
from which the direction of torsion of a cholesteric-liquid-crystal layer and a hand of cut differ, in order 
to reduce the reflection factor at the time of the dark display in a cholesteric-liquid-crystal layer. At this 
time, all the light that carried out incidence to the cholesteric-liquid-crystal layer penetrates this, and is 
absorbed by the optical-absorption body whorl 40 prepared in the back. Moreover, peculiar polarization 
of a cholesteric-liquid-crystal layer can reduce enough the reflection factor at the time of a dark display, 
when incidence of the circular polarization of light from which the direction of torsion and a hand of cut 
differ is carried out, since an ovality is the elliptically polarized light near 1 (close to the circular 
polarization of light). 

[0049] Therefore, how to make light which carries out incidence to a cholesteric-liquid-crystal layer at 
the time of a dark display the circular polarization of light from which the direction of torsion and hand 
of cut differ will be considered after this. 

[0050] First, in order to describe a polarization state, the standardization Stokes parameter (SI, S2, S3) 
is introduced. SI, S2, and S3 are defined by following formula [2]- [4] using the phase contrast delta of 
the component EX of the arbitrary electric field vectors of X shaft orientations, and the components EY, 
EX, and EY of the electric field vector of Y shaft orientations. 
[0051] 
[Equation 2] 

S1=(EX2-EY2)/(EX2+EY2) [2] 
S2=2EXEYcosdelta/(EX2+EY2) [3] 
S3=2EXEYsindelta/(EX2+EY2) [4] 

Moreover, since the square sum of SI, S2, and S3 is 1, arbitrary polarization states can be expressed as a 
coordinate point on the sphere (it is called the Poincare sphere) of the radius 1 of the space which sets 
three shafts as SI, S2, and S3. 

[0052] The regularity of conversion of the polarization state of the incident light by the liquid crystal 
layer for a drive is described using this standardization Stokes parameter and a Poincare sphere display. 
[0053] The liquid crystal layer for a drive of STN-LCD is a chiral nematic layer, and a director (average 
of the direction of orientation of a liquid crystal molecule) has the torsion structure of changing the 
direction continuously to a certain shaft. Peculiar polarization when light carries out incidence in parallel 
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to the shaft orientations of torsion is two elliptically polarized light from which a hand of cut differs 
mutually. One side of the main shaft of the ellipse is parallel to a director, and another side is 
perpendicular. 

[0054] The conversion of the polarization state of light which carried out the **** position of two 
peculiar polarization of a chiral nematic layer at the antipodal point on the Poincare sphere, and carried 
out incidence to the chiral nematic layer is expressed in approximation as surrounding rotation of the 
straight line which connects two peculiar polarization on the Poincare sphere. In order that the director 
of a chiral nematic layer may change the direction continuously to the shaft of torsion, two peculiar 
polarization rotates S3 shaft for a Poincare sphere top as a center with advance of light. Therefore, 
conversion of the polarization state by the chiral nematic layer is expressed as a precession on the 
Poincare sphere. 

[0055] The surrounding angle of rotation theta of the line which connects two peculiar polarization The 
standardization Stokes parameter of the light which places a polarizing plate so that a director and a 
transparency shaft may accomplish 45 degrees to the optical incidence side of the liquid crystal layer for 
a drive, and carries out incidence to the liquid crystal layer for a drive (value which transformed in 
consideration of rotation of aO, bO, and c0:peculiar polarization), The standardization Stokes parameter 
(al, bl, cl) of the light which carries out outgoing radiation is measured, and it asks by substituting for 
the following formula [5], 
[0056] 
[Equation 3] 

Theta=arccos (a0al+b0bl+c0cl) [5] 

Electronic-intelligence communication society paper magazine C-Q Vol.J75-C-II No.3 The result which 
searched for theta and its wavelength dependency about the various liquid crystal layers for a drive is 
shown in Table 1 - 5 using the method indicated by pp. 149-157. 
[0057] 
[Table 1] 
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[0058] 
[Table 2] 
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[0059] 
[Table 3] 
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[0060] 
[Table 4] 
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[0061] 
[Table 5] 
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[0062] Moreover, the standardization Stokes parameter (p, q, r) of two peculiar polarization in the chiral 
nematic layer front face by the side of outgoing radiation is obtained from following formula [6]- [8], 
[0063] 
[Equation 4] 

P=cospsiOIcosthetaOI [6] 
Q=cospsiOIsinthetaOI [7] 
R=sinpsiOI [8] 

Here, thetaOI is the value of the double precision of azimuth thetaOI' of the orientation processing 
direction of the chiral nematic layer front face by the side of outgoing radiation. Moreover, psiOI is 
obtained by the following formula [9] from (aO, bO, cO), previous (al, bl, cl), and previous thetaOI. 
[0064] 
[Equation 5] 

psiOI=arctan [[(aO-al) costhetaOI+(b0-bl) sinthetaOI]/(cl-cO)] 
.... [9] 

About the various liquid crystal layers for a drive, the result which searched for (p, q, r), and its 
wavelength dependency is written together to Table 1-5. moreover -- as an example -- 240 degrees of 
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twist angles of Table 2, and the deltand=0.93micrometer liquid crystal layer for a drive having asked 
(p, q, r) if it plots on the Poincare sphere, it will become like drawing 9 Thus, peculiar polarization of 
each wavelength is distributed over the very narrow field on the Poincare sphere. 
[0065] The setups of a phase plate are derived using above-mentioned theta, and (p, q, r). Each direction 
of torsion of the liquid crystal layer for a drive and a cholesteric-liquid-crystal layer is assumed to be a 
counterclockwise rotation, in this case, the standardization Stokes parameter of the light which the 
peculiar polarization which penetrates a cholesteric-liquid-crystal layer is clockwise elliptically 
polarized light, and carries out incidence to a cholesteric-liquid-crystal layer in order to reduce the 
permeability of a dark display - then (0, 0,-1), it is good The standardization Stokes parameter of the 
incident light E to the liquid crystal layer for a drive is set with s, and (t, u). When the rotation matrix 
consisting mainly of SI shaft on the Poincare sphere, S biaxial, and S biaxial is set to Rl, R2, and R3, 
respectively, optical E which penetrated the liquid crystal layer for a drive is expressed with the 
following formula [10]. 
[0066] 
[Equation 6] 

E*=R3(-thetaOI) xR2(-psiOI) xRl(theta) xR2(psiOI) xR3(thetaOI) xE -- [10] 

In addition, Rl (theta), R2 (psi), and R3 (theta) are shown by a formula [1 1], [12], and [13]. 

[0067] 
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[0068] In the aforementioned formula [10], since it is E - (0, 0, -1), s, and (t, u) are called for like 
following formula [14]- [16] from this. 
[0069] 
[Equation 8] 

s=(l-costheta) rp-qsintheta [14] 
t=(l-costheta) rq+psintheta [15] 
u=r2+(l-r2) costheta [16] 

The result which searched for s, (t, u), and its wavelength" dependency about the various liquid crystal 
layers for a drive is written together to Table 1-5. 

[0070] moreover - as an example - 240 degrees of twist angles, and the deltand=0.93micrometer liquid 
crystal layer for a drive - having asked (s, t, u) -- if it plots on the Poincare sphere, it will become like 
drawing 10 drawing 10 shows ~ as ~ s, and (t, u) of each wavelength - a Poincare sphere top ~ being 
circular (a drawing destructive line showing) - it is distributed As shown in drawing 9 , peculiar 
polarization of each wavelength is distributed over the very narrow field on the Poincare sphere, and this 
is because the center of rotation of the transmitted light of each wavelength is **** regularity. 
[0071] Next, it asks for the setups of a phase plate which give such a wavelength dispersion. Although 
conversion of the polarization state by the phase plate is expressed as surrounding rotation of one pair of 
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antipodal points located on the equator of the Poincare sphere, if this is used, the wavelength dispersion 
of the polarization state near drawing 10 can be made using the phase plate of two sheets so that it may 
state below. 

[0072] If the direction which approaches the liquid crystal layer for a drive among the phase plates of 

two sheets is used as a phase plate 2, another side is used as a phase plate 1 and thetal, theta2, and 

thetaP are made into the azimuth of the lagging axis of the phase plate 1 on the Poincare sphere, the 

lagging axis of a phase plate 2, and the transparency shaft of a polarizing plate, respectively, thetal, 

theta2, and thetaP will be setup like the following formula. 

[0073] 

[Equation 9] 

thetal=thetaOI[17] 

theta2=thetaOI+90 degree [18] 

theta P=theta OI**psi OI [19] 

Drawing 10 and drawing 11 explain the reason for setting up thetal, theta2, and thetaP like formula 
[17]- [19]. 

[0074] It is referred to as theta P=theta OI**psi OI and theta l=thetaOI, and you make it distributed on 
the circle centering on the straight line A which the azimuth [ light / of each wavelength which 
penetrated the polarizing plate and the phase plate 1 / R, G, and B ] on the Poincare sphere is thetaOI, 
and passes along the equator of the Poincare sphere [ drawing 10 (a)], since drawing is the Poincare 
sphere seen from S3 shaft orientations -- R, G, and B - Point BE and BE (intersection of the straight 
line B in which an azimuth is contained in an equatorial plane by theta P=theta OI**psi OI, straight-line 
B', and the equator of the Poincare sphere) ~ a passage ~ a straight-line top perpendicular to a straight 
line A -- being distributed „****. At this time, deltandl (thickness x birefringence) of a phase plate 1 
is set up so that the surrounding angle of rotation of a straight line A may be set to theta [ drawing. 10 
(b)]. Drawing is the Poincare sphere front face seen from the direction of a straight line A, and a circle is 
a path to which the linearly polarized light which carried out incidence to the phase plate 1 moves a 
Poincare sphere top with the optical anisotropy of a phase plate 1 from Point BE or BE. Moreover, ! (s, t, 
u) and '(0, 0, -1) in drawing 10 (b) are a point which moves to s, (t, u), and (0, 0,-1) after phase plate 2 
transparency, respectively. 

[0075] From drawing J J3. (b), when an incident light carries out incidence to a phase plate 1 from Point 
BE, if the surrounding angle of rotation of a straight line A is 630 degree-theta (s, t, u), 'will be reached. 
Moreover, after turning around the surroundings of a straight line A too many n round (s, t, u), you may 
reach The angle of rotation at this time is 360ndegree+630 degree-theta. When an incident light carries 
out incidence to a phase plate 1 from point BE, an angle of rotation is 360ndegree+450 degree-theta 
similarly. As mentioned above, what is necessary is just to define deltandl (lambda) in the wavelength 
lambda of a phase plate 1 like the following formula [20], if wavelength of the transmitted light is set to 
lambda. 
[0076] 

[Equation 10] 

deltandl =(+540 degree [ of 360 degree n-theta ] **90 degrees) lambda / 360 degrees -- [20] 
However, the sign which is 90 degrees when an incident light is Point BE in a formula [20] is +, and 
when an incident light is point BE, it is 

[0077] About the liquid crystal layer for a drive of Tables 1-5, the result which searched for deltandl 
and its wavelength dependency is shown in Tables 6-10. In addition, the number shown in Tables 6-10 
with the parenthesis is the value of deltandl standardized on the wavelength of 550nm. 
[0078] 
[Table 6] 
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[0079] 
[Table 7] 
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[0080] 
[Table 8] 
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[0081] 
[Table 9] 
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[0082] 
[Table 10] 
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[0083] Next, it considers as theta2=thetaOI+90 degree and the light R, G, and B of each wavelength 
which penetrated the phase plate 1 is moved to the Southern Hemisphere (field whose sign of S3 is 
negative) of the Poincare sphere in which peculiar polarization is located [ drawing 1 1 (a)]. 
[0084] At this time, it is the Poincare sphere seen from R, G, and BS3 shaft orientations, and moves in 
the perpendicular direction (namely, direction parallel to a straight line A) to the straight line C whose 
azimuth is thetaOI+90 degree, the light of each wavelength which penetrated the phase plate 2 by setting 
the surrounding angle of rotation of a straight line C to psiOI since s, and (t, u) of each wavelength 
which showed an example to drawing 10 were distributed over the surroundings of the peculiar 
polarization whose elevation angle is psiOI the distribution of s, and (t, u) -- ********„ [ drawing 11 
(b)] which can do things 

[0085] What is necessary is just to define retardation deltand2 of a phase plate 2 like the following 

formula [21]. 

[0086] 

[Equation 11] 

lambda/360 degree of deltand2=psiOIs [21] 

Since there is a wavelength dependency in psiOI in a formula [21], deltand2 can be defined so that it 
may be [ no ] satisfied [ with visible wavelength fields ] of a formula [21]. Then, what is necessary is 
just to define deltand2 so that a formula may be satisfied in the wavelength of 550nm from which 
visibility becomes the maximum. 

[0087] deltand2 which substituted and asked the formula [21] for psiOI of the transmitted light with a 
wavelength of 550nm about the liquid crystal layer for a drive of Tables 1-5 is shown in Table 11. 
[0088] 
[Table 11] 
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[0089] Although psiOItakes the value of 0-90 degrees or less from the definition, in the case of the 
Twisted Nematic liquid crystal layer used for STN-LCD or TN-LCD, there is a psiOI at the range of 20 
degrees - 70 degrees or less. It will be set to 25-140nm if the range of deltand2 is searched for from a 
formula [21], using a visible wavelength field as 400nm - 700nm. 

[0090] The transparency shaft azimuth of a polarizing plate is also decided by psiOI. From a formula 
[21], the transparency shaft of a polarizing plate should just make the angle of the range of 20-70 
degrees to the orientation processing direction of a top substrate on the Poincare sphere seen from S3 
shaft orientations. What is necessary is just to make into 10-35 degrees the angle which the orientation 
processing direction of the transparency shaft of a polarizing plate and a top substrate makes, since the 
angle in a real space is 1/2 of the angle on the Poincare sphere. 
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[0091] The operation effect 6: By carrying out the laminating of a phase plate and the polarizing plate to 
order from a substrate side, on the outside of a top substrate, the permeability at the time of a dark 
display decreases, and a contrast ratio increases on it. Moreover, R, G, and B each pixel or cyanogen, 
yellow, and the voltage from which each pixel of MAZENDA serves as a dark display also become 
fixed. 

[0092] By placing so that the lagging axis of a phase plate 1 may become 45 degrees to the orientation 
processing direction of an upper substrate in parallel to the orientation processing direction of an upper 
substrate about the lagging axis of a phase plate 2, the light of each wavelength penetrates a cholesteric- 
liquid-crystal layer at the time of a dark display, and is absorbed by the optical-absorption body whorl, 
the permeability at the time of a dark display decreases, and a contrast ratio increases using the phase 
plate of the 7:2 operation effects. 

[0093] The operation effect 8: By setting the retardation of a phase plate 2 to 25-140nm, the light of 
each wavelength penetrates a cholesteric-liquid-crystal layer at the time of a dark display, and is 
absorbed by the optical-absorption body whorl, the permeability at the time of a dark display reduces it, 
and a contrast ratio increases. 

[0094] The operation effect 9: By making into 10-35 degrees the angle which the orientation processing 
direction of the transparency shaft of a polarizing plate and an upper substrate makes, the light of each 
wavelength penetrates a cholesteric-liquid-crystal layer at the time of a dark display, and is absorbed by 
the optical -absorption body whorl, the permeability at the time of a dark display reduces it, and a 
contrast ratio increases. 

[0095] The operation effect 10: By setting the retardation of a phase plate 1 to 300-1000nm, the light of 
each wavelength penetrates a cholesteric-liquid-crystal layer at the time of a dark display, and is 
absorbed by the optical-absorption body whorl, the permeability at the time of a dark display reduces it, 
and a contrast ratio increases. 

[0096] In the above, although the direction of torsion of a cholesteric-liquid-crystal layer was made into 
the counterclockwise rotation, you may be a clockwise rotation. In this case, it becomes E - (0, 0, 1) and 
s, and (t, u) are called for by following formula [22]- [24]. 
[0097] 

[Equation 12] 

s=(l-costheta) rp+qsintheta [22] 
t=(l-costheta) rq-psintheta [23] 
u=r2+(l-r2) costheta [24] 

Moreover, as a phase plate, although polyvinyl alcohol, the polycarbonate, etc. are used now, you may 
use polyether sulphone, a cellulose, an acrylic poly membrane, etc. 

[0098] What uses red, blue, and three green colors, and yellow, cyanogen and the thing using three 
colors of MAZENDA are shown in color display. The former excels the latter in the clearness of color 
purity and a foreground color, and the latter excels the former in the luminosity of a display. Since the 
luminosity of a display in reflected type display is important, yellow, cyanogen, and the color display 
using MAZENDA are also effective. In order to realize this, the cholesteric liquid crystal the light filter 
corresponding to MAZENDA indicates property reflection to be to the wavelength field of red and blue 
is needed. 

_ [0099] Now, what shows property reflection to two wavelength fields by the monolayer by cholesteric 
liquid crystal is not found out yet. Therefore, if two layers of cholesteric-liquid-crystal layers which 
show property reflection, respectively are used for the wavelength field of red and blue in piles, the 
foreground color corresponding to MAZENDA can be obtained. 

[0100] Moreover, similarly what shows property reflection to a wavelength field lOOnm or more by the 
monolayer is not found out. Therefore, the luminosity of a display can be increased if two or more 
cholesteric-liquid-crystal layers from which the wavelength field of property reflection differs are used 
in piles when performing color display using red, blue, and three green colors. In addition, the number 
of laminatings can be reduced by using the cholesteric-liquid-crystal layer of a high birefringence. 
[0101] The method of setting up the aforementioned phase plate and a polarizing plate is effective not 
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only when a cholesteric-liquid-crystal layer is used as a light filter, but when using the cholesteric- 
liquid-crystal layer which shows property reflection to a visible wavelength field and serves as a 
reflecting plate-cum-a polarizing plate. 

[0102] Moreover, this invention can be used not only for the liquid crystal display which used XY 
electrode but for the liquid crystal display which used for example, the TFT method and the MIM 
method for driving means, and is effective as display of display panels, such as various OA equipment, 
an electrical machinery and apparatus, an audio equipment, telephone, facsimile, a camera, and a clock, 
or a control panel. 
[0103] 

[Example] An example explains the liquid crystal display of this invention. 

[0104] [Example 1] The composition of the liquid crystal display of this invention is shown in drawing 
1 . The up-and-down substrates 12 and 22 are equipped with the XY electrodes 14 and 24 and the 
orientation films 1 1 and 21, and are pinching the liquid crystal layer 10. The lower substrate 22 is 
equipped with the cholesteric-liquid-crystal layer 30. The XY electrodes 14 and 24 are connected to the 
drive circuits 15 and 25, respectively. There is an optical-absorption body whorl 40 under the lower 
substrate. 

[0105] The vertical substrates 12 and 22 are glass and the XY electrodes 14 and 24 consist of ITO. 
Moreover, the orientation films 1 1 and 21 consist of a polyimide system macromolecule, and orientation 
processing is carried out by the rubbing method. Orientation processing conditions were made into the 
amount of slitting of 0.4mm, rotational frequency lOOOrpm, and feed-rate 33 m/s, the tilt angle was 
made into 4 degrees by this, and the twist angle of a vertical substrate was made into 240 degrees. 
[0106] The liquid crystal layer 10 for a drive consists of a nematic liquid crystal (Roddick HR9032, 
delta nO. 125) and a chiral agent (S81 1 by Merck Co. and a content are 0.9 % of the weight), and 
thickness is 6.2 micrometers. 

[0107] The cholesteric-liquid-crystal layer 30 consists of an annular polysiloxane macromolecule, and 
shows the molecular structure to the above-ization 1. The annular polysiloxane macromolecule was 
compounded on Mol.Cryst.Liq.Cryst, Vol 199, and the conditions indicated by pp.345-378. 
[0108] The content of the side chain containing a cholesterin skeleton (a)47%, (b)37%, (c) 32%, (d) 
28%, (e)26%, (f)24%, (g)22%, (h) It considers as 18%, (i)16%, and fl)14%. the wavelength field of 
property reflection, respectively (a)400nm-470nm, (b) 420nm - 500nm, (c)440nm-530nm, (d)460nm- 
550nm, (e) The cholesteric liquid crystal which is 490nm - 580nm, (f)510nm-600nm, (g)530nm-620nm, 
(h)550nm-650nm, (i)570nm-680nm, and (j)600nm-710nm was used. It was distributed over the shape of 
a stripe and the field Ch (1) where property reflected wave length fields differ mutually, and Ch (2) were 
made to form in the cholesteric-liquid-crystal layer 30 at it. The layered product of (a), (c), and (f) was 
used for Ch (1), and the layered product of (i) and (j) was used for Ch (2). 

[0109] In the state where it heated so that a liquid crystal state might be taken, the cholesteric liquid 
crystal of (a) and (i) was first applied in the shape of a stripe on the substrate using print processes. At 
this time, each cholesteric liquid crystal does not touch mutually like drawing 2 (a), but is rising in the 
shape of a mountain on the substrate. Subsequently, share stress is added in the direction of a substrate 
flat surface using a roller, each cholesteric liquid crystal is made flat like drawing 2 (b), and it was made 
for that which adjoins mutually to touch. Furthermore, (c) and (j) were applied on (a) and (i) like 
- drawing 2 (c), respectively, and flattening was carried out similarly. In addition, flattening of the (f) was 
applied and carried out on (c). Since a level difference arose like drawin.g.2 (d) at this time, the 
flattening layer was applied on it, the level difference was lost like drawing 2 (e), and it formed in the 
shape of a stripe. 

[0110] The above-mentioned cholesteric-liquid-crystal layer made the shaft of torsion perpendicular to 
the substrate side. It was parallel to the direction of a stripe, and XY electrode was formed so that one 
electrode might correspond to one stripe. The light filter corresponding to the cyanogen and two colors 
of R which show property reflection to the wavelength of 400nm - 600nm and 570nm - 710nm as 
mentioned above was created. The reflective color LCD panel was producible using this filter. 
[01 1 1] [Example 2] In the liquid crystal display of an example 1, the field Ch (1) where property 
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reflected wave length fields differ mutually in a cholesteric-liquid-crystal layer, Ch (2), and Ch (3) were 
distributed and formed in the shape of a stripe. 

[01 12] The layered product of (i) and (j) and Ch (2) formed with (f), and Ch (3) formed Ch (1) with (a) 
and the layered product of (c), respectively, and it created the light filter corresponding to R, G, and B3 
color which shows property reflection to die wavelength of 570nm - 710nm, 510nm - 600nm, and 
400nm - 530nm. The reflected type full color liquid crystal display was producible using this filter. 
[0113] [Example 3] In the liquid crystal display of an example 2 Ch (1) (a), The layered product of (f) 
and (j), and Ch (3) for the layered product of (c) and (f), and Ch (2) (a), The cyanogen and the yellow 
which show property reflection to the wavelength of 400nm - 600nm, 510nm - 710nm, 400nm - 530nm, 
and 570nm - 680nm, and the light filter which consists of MAZENDA were created using the layered 
product of (b) and (i). The reflected type full color liquid crystal display was producible using this filter. 
[01 14] [Example 4] The phase plate 1 and the phase plate 2 were added to the liquid crystal display of 
an example 2. 

[0115] From Table 1 1, the retardation in the wavelength of 550nm of a phase plate 2 was set to 75nm. 
Moreover, in Table 6, the wavelength dependency of deltandl at the time of setting the double sign in a 
formula [20] into -, and setting n to 0 is close to it of a polycarbonate. Then, the retardation in the 
wavelength of 550nm was set to 275nm at the phase plate 1 using the polycarbonate. 
[0116] Moreover, the lagging-axis angle of a phase plate 1 was made parallel in the orientation 
processing direction of the upper substrate 12, and the lagging-axis angle of a phase plate 1 was set up 
so that the orientation processing direction of the upper substrate 12 and 45 degrees might be made. 
Moreover, the degree of transparency axial angle of a polarizing plate was set up so that the orientation 
processing direction of an upper substrate and about 48 degrees might be made from Table 1 1 . 
[0117] When the driver voltage dependency of the reflection factor of this liquid crystal display was 
measured, in any foreground color of R, G, and B, the reflection factor became the minimum in the 2.1V 
neighborhood, and, for R, G was [ B of the reflection factor of the Ming display ] 14% 10% 14%. For R, 
in 1 / 240 duty drives, 7: 1 and G were [8:1 and B of the contrast ratio ] 5 : 1 . 

[0118] adding a phase plate 1 and a phase plate 2 as mentioned above any foreground color — **** — 
in the same applied-voltage value, the reflection factor became the minimum, and, in addition to color 
display, the dark display was attained 

[0119] [Example 5] The phase plate 1 and the phase plate 2 were added to the liquid crystal display of 
an example 3. The retardation in the wavelength of 550nm was set to 275nm at the phase plate 1 using 
the polycarbonate. Moreover, the lagging-axis angle of a phase plate 1 was made parallel in the 
orientation processing direction of an upper substrate, and the lagging-axis angle of a phase plate 1 was 
set up so that the orientation processing direction of an upper substrate and 45 degrees might be made. 
Moreover, the degree of transparency axial angle of a polarizing plate was set up so that the orientation 
processing direction of an upper substrate and about 48 degrees might be made from Table 1 1 . 
[0120] When the driver voltage dependency of the reflection factor of this liquid crystal display was 
measured, in both cyanogen yellow and MAZENDA the reflection factor became the minimum in the 
2.1V neighborhood, and, for cyanogen, yellow was [ MAZENDA of the reflection factor of the Ming 
display ] 14% 10% 14%. For cyanogen, in 1 / 240 duty drives, 6:1 and yellow were [ 7:1 and 
MAZENDA of the contrast ratio ] 5 : 1 . 

[0121] adding a phase plate 1 and a phase plate 2 as mentioned above "- any foreground color -****- 
in the same applied-voltage value, the reflection factor became the minimum, and, in addition to color 
display, the dark display was attained 

[0122] [Example 6] In the liquid crystal display of an example 4, MJ89122 by Merck Co. whose deltan 
is 0. 15 as a liquid crystal material was used. From Table 1 1, the retardation in the wavelength of 550nm 
of a phase plate 2 was set to 68nm. Moreover, in Table 7, the wavelength dependency of deltandl at the 
time of setting the double sign in a formula [20] into -, and setting n to 0 is close to it of a polycarbonate. 
Then, the retardation in the wavelength of 550nm was set to 35 lnm at the phase plate 1 using the 
polycarbonate. 

[0123] Moreover, the lagging-axis angle of a phase plate 1 was made parallel in the orientation 
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processing direction of an upper substrate, and the lagging-axis angle of a phase plate 2 was set up so 
that the orientation processing direction of an upper substrate and 45 degrees might be made. Moreover, 
the degree of transparency axial angle of a polarizing plate was set up so that the orientation processing 
direction of an upper substrate and about 45 degrees might be made from Table 11. 
[0124] In any viewing area of R, G, and B, the reflection factor became the minimum in the 2.1 V 
neighborhood, and, for R, 8: 1 and G were [9:1 and B of the contrast ratio ] 6: 1 in 1 / 240 duty drives. 
[0125] adding a phase plate 1 and a phase plate 2 as mentioned above — any foreground color **** — 
in the same applied- voltage value, the reflection factor became the minimum, and, in addition to color 
display, the dark display was attained 

[0126] [Example 7] In the liquid crystal display of an example 4, Roddick HR0008 whose deltan is 0.17 
was used for liquid crystal material. 

[0127] From Table 11, the retardation in the wavelength of 550nm of a phase plate 2 was set to 68nm. 
Moreover, in Table 8, the wavelength dependency of deltandl at the time of setting the double sign in a 
formula [20] into +, and setting n to 0 is close to it of polyvinyl alcohol. Then, the retardation in the 
wavelength of 550nm was set to 678nm at the phase plate 1 using polyvinyl alcohol. Moreover, the 
lagging-axis angle of a phase plate 1 was made parallel in the orientation processing direction of an 
upper substrate, and the lagging-axis angle of a phase plate 2 was set up so that the orientation 
processing direction of an upper substrate and 45 degrees might be made. Moreover, the degree of 
transparency axial angle of a polarizing plate was set up so that the orientation processing direction of an 
upper substrate and about 49 degrees might be made from Table 1 1 . 

[0128] In any viewing area of R, G, and B, the reflection factor became the minimum in the 2.2V 
neighborhood, and, for R, 8: 1 and G were [ 10: 1 and B of the contrast ratio ] 10: 1 in 1 / 240 duty drives. 
[0129] adding a phase plate 1 and a phase plate 2 as mentioned above » any foreground color -****- 
in the same applied-voltage value, the reflection factor became the minimum, and, in addition to color 
display, the dark display was attained 

[0130] [Example 8] In the liquid crystal display of an example 4, Roddick HR0001 whose deltan is 0.13 
was used for liquid crystal material. The twist angle was made into 260 degrees and the chiral agent was 
made to contain 1 .0% of the weight. 

[0131] From Table 1 1, the retardation in the wavelength of 550nm of a phase plate 2 was set to 82nm. 
Moreover, in Table 9, the wavelength dependency of deltandl at the time of setting the double sign in a 
formula [20] into +, and setting n to 0 is close to it of polyvinyl alcohol. Then, the retardation in the 
wavelength of 550nm was set to 626nm at the phase plate 1 using polyvinyl alcohol. Moreover, the 
lagging-axis angle of a phase plate 2 was made parallel in the orientation processing direction of an 
upper substrate, and the lagging-axis angle of a phase plate 1 was set up so that the orientation 
processing direction of an upper substrate and 45 degrees might be made. Moreover, the degree of 
transparency axial angle of a polarizing plate was setup so that the orientation processing direction of an 
upper substrate and about 54 degrees might be made from Table 1 1 . 

[0132] In any viewing area of R, G, and B, the reflection factor became the minimum in the 2.1V 
neighborhood, and, for R, 10: 1 and G were [ 13 : 1 and B of the contrast ratio ] 12: 1 in 1 / 240 duty 
drives. 

[0133] adding a phase plate 1 and a phase plate 2 as mentioned above - any foreground color - ****-- 
in the same applied-voltage value, the reflection factor became the minimum, and, in addition to color 
display, the dark display was attained In addition, the example of loading of a personal digital assistant 
machine is shown for the liquid crystal display of this example in drawing 7 . 

[0134] [Example 9] In the liquid crystal display of an example 4, Roddick HR0001 whose deltan is 0.13 
was used for liquid crystal material. The twist angle was made into 90 degrees and the chiral agent was 
made to contain 0.4% of the weight. Moreover, the drive circuits 15 and 25 were also carried out to the 
TFT drive using the substrate equipped with TFT (TFT) instead of the XY electrodes 14 and 24 of an 
example 1. 

[0135] From Table 1 1, the retardation in the wavelength of 550nm of a phase plate 2 was set to 47nm. 
Moreover, in Table 10, the wavelength dependency of deltandl at the time of setting the double sign in a 
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formula [20] into -, and setting n to 1 is close to it of a polycarbonate. Then, the retardation in the 
wavelength of 550nm was set to 668nm at the phase plate 1 using the polycarbonate. Moreover, the 
lagging-axis angle of a phase plate 1 was made parallel in the orientation processing direction of an 
upper substrate, and the lagging-axis angle of a phase plate 2 was set up so that the orientation 
processing direction of an upper substrate and 45 degrees might be made. Moreover, the degree of 
transparency axial angle of a polarizing plate was set up so that the orientation processing direction of an 
upper substrate and about 3 1 degrees might be made from Table 1 1 . 

[0136] In any viewing area of R, G, and B, the reflection factor became the minimum in the 2.1V 
neighborhood, and, for R, 20: 1 and G were [32:1 and B of the contrast ratio ] 22: 1 . As mentioned 
above, also in a TFT method, reflected type color display is possible. 

[0137] [Example 10] In the liquid crystal display of an example 5, Roddick HR0001 whose deltan is 
0.13 was used for liquid crystal material. The twist angle was made into 90 degrees and the chiral agent 
was made to contain 0.4% of the weight. Moreover, the drive circuit was also carried out to the TFT 
drive using the substrate equipped with TFT instead of XY electrode of an example 1. 
[0138] From Table 1 1, the retardation in the wavelength of 550nm of a phase plate 2 was set to 47nm. 
Moreover, in Table 10, the wavelength dependency of deltandl at the time of setting the double sign in a 
formula [20] into and setting n to 1 is close to it of a polycarbonate. Then, the retardation in the 
wavelength of 550nm was set to 668nm at the phase plate 1 using the polycarbonate. Moreover, the 
lagging-axis angle of a phase plate 1 was made parallel in the orientation processing direction of an 
upper substrate, and the lagging-axis angle of a phase plate 2 was setup so that the orientation 
processing direction of an upper substrate and 45 degrees might be made. Moreover, the degree of 
transparency axial angle of a polarizing plate was set up so that the orientation processing direction of an 
upper substrate and about 3 1 degrees might be made from Table 1 1 . 

[0139] In yellow, cyanogen, and any viewing area of MAZENDA, the reflection factor became the 
minimum in the 2.1V neighborhood, and, for yellow, 18:1 and cyanogen were [18:1 and MAZENDA of 
the contrast ratio ] 22: 1 . 

[0140] [Example 11] The phase plate 1 and the phase plate 2 were added to the liquid crystal display of 
an example 1 . 

[0141] From Table 1 1, the retardation in the wavelength of 550nm of a phase plate 2 was set to 75nm. 
Moreover, in Table 6, the wavelength dependency of deltandl at the time of setting the double sign in a 
formula [20] into -, and setting n to 0 is close to it of a polycarbonate. Then, the retardation in the 
wavelength of 550nm was set to 275nm at the phase plate 1 using the polycarbonate. 
[0142] Moreover, the lagging-axis angle of a phase plate 1 was made parallel in the orientation 
processing direction of an upper substrate, and the lagging-axis angle of a phase plate 2 was set up so 
that the orientation processing direction of an upper substrate and 45 degrees might be made. Moreover, 
the degree of transparency axial angle of a polarizing plate was set up so that the orientation processing 
direction of an upper substrate and about 48 degrees might be made from Table 1 1 . 
[0143] When the driver voltage dependency of the reflection factor of this liquid crystal display was 
measured, in cyanogen and any foreground color of R, the reflection factor became the minimum in the 
2.1V neighborhood, and cyanogen was [ R of the reflection factor of the Ming display ] 14% 25%. In 1 / 
240 duty drives, cyanogen was 6: 1 and R of the contrast ratio was 7:1. 

[0144] adding a phase plate 1 and a phase plate 2 as mentioned above - any foreground color -- **** -- 
in the same applied-voltage value, the reflection factor became the minimum, and the dark display was 
attained Thereby, the display of lengthening an underline in red between a white background color and a 
black character was attained. 

[0145] [Example 12] It consisted of the pattern display sections and the matrix display sections as 
shown in drawing 13 , and the liquid crystal display which displays the main city name and position in 
Japan was created. The position of main cities is displayed by displaying a Japanese map and main cities 
on the pattern display section using circular R filter corresponding to a circular electrode and this 
circular, the configuration of a top electrode and a bottom electrode is shown in drawing„14 (a) and (b), 
and the configuration of a light filter is shown in drawing 15 , respectively. The slash portion of drawing 
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15 is the light filter 151 of R, and used the layered product of the cholesteric-li quid-crystal layer of (f) in 
an example 1, and (i). The other portion is the white display 152 and used the layered product of the 
cholesteric-li quid-crystal layer of (a) in an example 1, (d), and (h). It was made to be the same as that of 
an example 1 1 except the electrode configuration of the pattern display section, and the light-filter 
configuration. The selected city is displayed in red and the position of the city which is not chosen was 
displayed black. 

[0146] Thus, this invention is effective also in the liquid crystal display equipped with the electrode of 
configurations other than XY electrode. 

[0147] [Example of comparison] In the liquid crystal display of an example 1, the cholesteric-li quid- 
crystal layer 30 was transposed to the light filter using the conventional pigment. The transparency 
spectrum is shown in drawing 12 . Furthermore, the optical-absorption body whorl 40 was changed into 
1/4 wavelength plate, the polarizing plate, and the reflecting plate. For 10% and G, 8% and B are [ the 
reflection factor of the Ming display / R ] 8% and a low, respectively. 

[0148] Thus, the reflective color LCD panel using the light filter and two polarizing plates using the 
conventional pigment is understood that the fall of the luminosity of a display is large compared with the 
display of this invention. 
[0149] 

[Effect of the Invention] According to this invention, by the above, the reflected type liquid crystal 
display of a display brighter than the conventional reflected type liquid crystal display can be obtained. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the ** type perspective diagram showing the composition of the liquid crystal display 
of this invention. 

[Drawing 2] It is creation process drawing of the light filter of the liquid crystal display of an example 1. 

[Drawing 3] It is the spectrum view standardizing and showing the maximum of each intensity of the 
reflectance spectrum of a cholesteric-liquid-crystal layer, and the transparency spectrum of the light 
filter using the conventional color. 

[Drawing 4] It is the transparency spectrum view of a cholesteric-liquid-crystal layer. 

[Drawing 5] It is the type section view showing the composition of the liquid crystal display of this 

invention. 

.[Drawing.6]. It is the type section view showing the composition of the conventional liquid crystal 
display. 

[Drawing 7] It is drawing showing the example of loading to the personal digital assistant machine of 
this invention. 

[Drawing 8] It is drawing showing peculiar polarization of the liquid crystal layer for a drive of the 
liquid crystal display of this invention on the Poincare sphere seen from S3 shaft orientations. 
IPiawuig.9J It is drawing showing a desirable polarization distribution state in the incidence transmitted 
light of the liquid crystal display of this invention on the Poincare sphere seen from S3 shaft 
orientations. 

[Drawing 10] (a) is the Poincare sphere seen from S3 shaft orientations, is drawing showing the method 
of setting up the azimuth of the lagging axis of a phase plate 1, and the transparency shaft of a polarizing 
plate, and (b) is the Poincare sphere front face seen from the direction of the straight line A in (a), and it 
is drawing showing the method of setting up the retardation of a phase plate 1 . 

[Drawing.]. 1J. (a) is the Poincare sphere seen from S3 shaft orientations, is drawing showing the method 

of setting up the lagging axis of a phase plate 2, and (b) is the Poincare sphere and it is drawing showing 

the method of setting up the retardation of a phase plate 2. 

[Drawing 1,2] It is the transparency spectrum view of the conventional light filter. 

[Drawing 13] It is drawing showing an example of the display pattern of the liquid crystal display of an 

example 12. 

©rawing.14] It is drawing showing the electrode configuration of the upper and lower sides of the 
liquid crystal display of an example 12. 

[Drawing 15] It is the distribution map of the light filter of the liquid crystal display of an example 12. 
[Description of Notations] 

10 [ ~ 14 A top substrate, 24 / -- Electrode, ] ~ 1 1 A liquid crystal layer, 21 - An orientation film, 12 15 
25 [ - A phase plate, 22 / -- Bottom substrate, ] - A mechanical component, 16 - A top polarizing 
plate, 17 26 [ ~ The conventional light filter, ] -- A bottom polarizing plate, 30 - A cholesteric-liquid- 
crystal layer, 31 32 [ - A reflecting plate, 71 / - Display, ] -- A flattening layer, 40 -- An optical- 
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absorption body whorl, 50 72 [ The transmitted light with a wavelength of 450nm, ] — A control unit, 
73 An antenna, 450 500 -- The transmitted light with a wavelength of 500nm, 550 The transmitted 
light with a wavelength of 550nm, 600 — The transmitted light with a wavelength of 600nm, 650 -- The 
transmitted light with a wavelength of 650nm, thetaOI -- The azimuth, psiOI showing the coordinate of 
the peculiar polarization on the Poincare sphere - The elevation angle showing the coordinate on the 
Poincare sphere, R [ ~ The transmitted light with a wavelength of 450nm, ] - The transmitted light with 
a wavelength of 650nm, G - The transmitted light of wavelength nm550, B A [ -- Polarizing plate 
transparency shaft direction, ] ~ The lagging-axis direction of a phase plate 1, C -- The lagging-axis 
direction of a phase plate 2, BE, BE' theta - The angle of rotation of the surrounding transmitted light of 
peculiar polarization of the liquid crystal layer for a drive, R - The transparency spectrum of the light 
filter of the conventional red display, G - The transparency spectrum of the light filter of the 
conventional green display, B - The transparency spectrum of the light filter of the conventional blue 
display, 131 [ The red display which shows the position of the selected city, ] -- The pattern display 
section, 132 - The matrix display section, 133 134 - The black display, 151 which show the position of 
the city which is not chosen -- The light filter of R display, 152 [ - Cholesteric liquid crystal (a), 162 / -- 
Cholesteric liquid crystal (i), 163 / -- Cholesteric liquid crystal (c), 164 / -- Cholesteric liquid crystal Q, 
165 / -- Cholesteric liquid crystal (f), 166 / - Flattening layer. ] - The light filter of a white display, 160 
-- A substrate, 161 



[Translation done.] 
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